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SECTION A, CLINICAL COLLABORATION

Meetings were held wath bathe our upper extremity and our bower extremity colluborators.
[T focus of these meetings was 1o review with our colluborators the warkscope of this contract
award. o discuss thewr continuing chinical problems with etectrodes. and 1o begin development of &
rlan tor human feasibility resting. as is outlined in Section E of 1his repott,

AL Lpper Extremity

Our upper extremity L'c}]]uhm'ulnrt; |1E1‘-' -,1un1hmm experienee in the developrient and
iapletentation of their fully gl e hand grasp svstent. This sysiem bas
been developed over the Tusl several o u.ddu and utilizes intramtseular and o spimnysial cleetrodes
phiced In multeple sites of the arm. Tae collaborators wre generally pleased with the success of the
swslermiand s ability to provide adeguate control for the indicated Tonctional outputs, the 2 grasp
patlerns of keerad and palniar prehension,

Aconcern il implantable systeins is the valume of hardware placed in the body. With
heir current system. oue collaborators are comtortable with the number ol leads required.
However, they Zoresee e systems that may include wlditional elecirades. alacing ther at or
ner the L of teleruble numbers of wnplanted electrades, lewds . and connectors.
could potentiully reduce the volume of implanted hardware, but onlv i cach caft could control
naltiple muwseles. However, the reducnion in volume would have o be significant g e used as the
Itsis for selecting cuft electrades over muscle-hased electrodes in o band Srasp systern,

As withany swrgeal intervention, the number and size of incisions s ide: 1]|'\r nuniniized. In
thelr current upper eatremiby systeni only 4 incisions ure required Lo implant the electrades, A
stibstantin. reduction i the necessary melsions wouid be attractive to the colluborators, but 1=
probabiy unikely with cuff electrodes. Unless o single cutt could contro! all the necessary
sk i ]LLIE][‘]L cLifts al Jnull]pk expusure sites would dike v b required.

Muscle-hased clectrodes in the upper extremity system produce oraded muscle
conructions. The colluboratars are happy with the degree of gradation available through these
clettrodes. and buve coneerns about the degree of musele foree aradation available through cudt
clecuodes. This cancern will be addressed during this conlract. Muscle-based electrodes in the
upper extremity suffer from some fength-dependent recruitment praperties. which is one limitalion
the colaharators have oo wark with, Cutt electrodes siiould be less prone to lenath-dependen
Propertios,

aa
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A3 Lower Extremity

Our collaborators o1 the Jower extremily fave recently begun oserles of implants using
mtramuscular and epimysial electredes Lo effect sianding for «6d in patient transfers. A aumber of
implants have already seen performel, wilh electrodes PldLL din the vicinny ol the gluteal nerve
IhL researcliers Reve Found that the depth ol U inuplan? site is an issue ot them: the tar el nere S i

evoras cm i 3- 1 belows the skin. and the exposiuee pm\ldu Iiited working space. T his is &
| rticilar pmhl; i brecaise although the electrodes ane nat “rerve’ elecirodes, they dre in fuct, olten
Lz sutired fe the tasoe IF]I]IIL\LchlLl\f surroainding the gluteal nerve. The suturing requires
adcitiomal work space thar waould be necessary for intrgnuscalar or nerve cudt electrode
implantation. OGrve e electrodes aie mnpl.mlt:d, our col laborators bive continuing concerns abous
Ureir stabidiny and about the extent of muscle recruitnent avaluble through the clecrodes.

Lnlike the upper estrenmty rescarch, lower extresiily sysleins are sl in beginning sluges
vl developrment. This works o our advantage. in thal Lhe incomoration of voll clectrodes within
these developing systertis is lkely W be snore caxily tacilitaed, While the upper extremity
colaberators are faced with cutT clectrodes being an alternative soluton 1o issues that have
previcusly been reselved. the Tower extremity collaborators are stll strugahng with some of ther
swsterm limitatons, such as electrode stability and adeqiae inuscle Loree generation, and cuft
clecuades are poteniially the solaion,
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The material described in the next section, B.2.1.2, on PMP electrodes, is
considered confidential.

Please do not distribute.
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SECTION B, DESIGN AND FARRICATION OF ELECTRODLES, LEADS
AND CONNECTORS

B.2.1.2: Polvmer-hetal Foil-Polymer (PMP) Cufl’ Electrodes

We techmigue {or cut? manufacture that would improve the
Swchanieul rehebihty of the caft, weowell s incormorale swotialed methods of manufacture . Boths
new techmgue. 1he basic building block of thie cutl will be platmum foil covered with u luser
b Ll'.lNL Pulymer ereating a palymer-metal - potviner (PMP) structure. Patlerns left after culimg
vhronz e PMP s clure with a luser will define the conduclor pathwavs, the terminanion p (el
wsed fo acconunodiste electncal connection 1o the leads, and the clectrode pads thas will act as

condueting surfaces through which current s passed inlo the tssue medinm.

A bl desenption of the Tabrcation steps we anticipate for the manutataee of the PMP
electrode is provided heres We expect 1o lirst send o PEMedicad acsolid piece of planinam foil. Pl
Meoedical wall Laser machine o patiern ot holes ibrough the platinum foil. and retuen this piece o us,
Fhe pattern ot heles s designed o sprose the flexability und provide sites for stress reliel of the
forls Onae we have receivad the patterned il we will sandwich the foil in silwcane rubber, and
seind the Tarnnanted fonl back to PEMedical Tor e second piss ol laser machining. n the second
prass the e well cat throseh both thie elastomer and the Toil. effectively ht‘lLl[lﬂD the four

clectrical patbis. Addiionally. the kaser witl be used o ablate tie silicone rubher overiving the

clectrioda comtiats and the b{mduw pitds. where dead wire will be connected 1o the substrate.
Fonallv, the Liser widd be used to excise the flnal electrode prece. with dimensions approsiating 23
x4 mm, Tars prece will be retumed to us o be incorporated iz a spiral cett.

Waorking with PI Maedical. we have begun our cfforts w implement this design. Pl Medical
will huatty < ppl\ the laser ablaluble polvimer and npertorm the fuser machiring ot the mielis] foil and
the PMP Lminale, As such, we bine been working with PUMedical in leu\.nn Tinsls Am olving
leth the mackining and the silicone rubber material,

Lol Siubility

For the extensive biser mactuning that is Lo be pertormed o create the entire pattern of
heles the forl st munnlain s pesitional stability 10 all three dunensions. There w some concern
that the wnount of daser machinm that is o be perfurmed will cause heating of the platinum Toi!
and may result in some buckling, further stressing the need to keep the toil in a stationary position,
A Trame has been desiened and machined that s intended to secure the toil along both its lengt
docd width durng e machining provess. and will further serve wreuse in the handling of the rather
dolicate mwetal file The franwe consist of two matching pieces of stainless steel that are secured ol
their comers with 4 sciews, The Toil s sandwiched between the teo pleces of the trame., and
sewired by tghlening e serews, The [rame has an open interior. where the platinun: [o1] is
cxpesed and the machinimg wiall be peclornned. This sonple frame desean wall be ised 1 the indtiad
el ot PP nnotacture. bul may require tuture moditications or re-design bused on those
Il experienees,

Maclhinimg Puranielers

Samiples of platinon f o both 25 and 30pm thicknesses, have been sent o PLMedical for
pruliminary fasesmachunng: they weport that linuted machining has been pertormed on both suple
thivknesses, Edge deltnition is improved and Jaser time is reduced ror the 23um thick [Heces hin
lor those SOum thick preves, as cenld be expected. However, machinmg of both samples was
considered suecesstul by the laser machinist. A sample pece with multlplu laser cuts hus been
returned and was cxnnnned using a scannmg eleciron microscope.

The sumple prece contained three ditferent (yvpes of Taser muchined holes. ux the processors
wer ving o deternune the best mcthod o cat the forl and woorest the Matness of the Seil within the
trae. Inthe s method, e Liser beam sweas moved around the perimieter of the desired hose
maltiple nmes unn? the center piece of foil diepped outs Examples of these cuts are presented in

{7
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Fravres |30 Inthie aliermate method of cutting. the faser beam was raster scanned across the
destred hole shape. Examiples of these cuts are presented in Figures 3270 Finally. the processor
Lser machined hoeles usmg the same perimeter technique as i Figuees 13, but performed thes w

: salang the edge of the Toll newest the frame. This was imtended to test the flamess of
the Toil as it was secured m the rame. Lxamples of these cuts are presented in Fieures 8-9.

A dsapparent in the figures. edge definition s improved for thase holes muchined using
the permeles cutling leehnigue as compared o those holes miachined using the raster scanning
leclhnigue. In e PMP clectrode design, the slots to be machined are TOOm in wicdth. five thmes
the largest burr an the raster scanned hole (20um, Frgure 610 Because ol the difference i edpy
defimtion. the permeter teehnigque will be used in machining the PMP electrodes. A discoloration
in the foal in the region inmmediately surrounding the holes can be noted. particulasly i Frgures 1.2
and ¥ This discoloration may be indicative of @ heat affected zone in the platinum forl due 1o the
Liser machinmg, similar teewhat occurs 1 the regions surrounding welds. Further investgations
ol these discolored resions will be pursued in i Foli oWy months. Particuli consideration will
bo given w annealing the toal atter the il Liser machining is pertormed.

The bures shewsn in the figures appear w be generally ounded wnd to Fave o low profiie.
However. as the photos were taken facing the ol we cannot be certain of the hetghn of these
bures, Any sizmiticant height ar k}uqﬁmm of the bures muy Jead o damage to Lhe silicone rubber
lamination that o applicd around the torl We will perfonm additonal miceoscopic studies on these
Juser curs and bares und deternne whether the burr profiles are of the size or shape that eitorts
shaulkd he made o further nommmze then.

In the commg manths.we will work with P Medical 1o optimize the laser calting
parameters. Based on the photomierographs, we can see that the laser parameters wid method of
Lt have wsignificant effect on edge detfiminom and burr size. and may also conttibule o the
discoloration of the fol: that may be indicative of o heat aftected zone, Increasing power vn the
laser beam mas resulz in improved edge definiton. but also may resalt in increased heuattng of the
Ioil. with subsequent metallurgicad changes and possible buckling. We will provide Pl Medical
witly adcitional sumples of p]dlmum fonl tor laser inachining with the spectiie mleml of investiguting
changes in the Laser parameters that wall nimize burr size and thermal danvage,
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Figure |: SEM photanieragriaph o 4 hotes Seer mactined througn 23uns shick phinnue foil.
et byomoste the laser aeans srvand the perimeter of thie desired hole muctple tioes. 3ix

T P Bl | Yl s k= + e 0

:
i
|
|
!

i

8812 20KV 188V ND22

Fioure 2: SEN photonmerograpi ot venter 2 holes shownin Figure A discolorgtion can e

sietee hoth s (his figure and the figire sbose inthe repion of foil swrrounding the mackined ol
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Figure 3:  SEM photomicrograph at higher niwenification of lower rtght corner of the lelt Lole
m Biewe 20 Fdee defzminon s good, (001
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Figure 6: sEM photomicromzphe al lugher seniticagon of conte: Jedl slol shown in Figure 5
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Fienre 7: SEM photomicroerapt ut lnvher masnification of conter el <lot shown in Tioure 3
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Figure 8: SEM rhotmmicrerraph o hole Bser machined throusk 23um thick plicimume teil
wetnz e poerateier wehnigue. Fhs hode was Tocase al the cdge of the piece of tinl and serves o
ettt the Slatness of the ol e secured e the frame. 750
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Figure %: SEM photmicrograph at igher magnification ot lower right comer ol hole in
Floure = [0
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Samples of foil m both 22 and 50 pm thicknesses are being mvestizated. Fundumeniu to
the desiem of the PMP electroda s the sohstrate's flexibility, The ttockness of the foil b
sienilicant tpact on the foil's Nexibbiey. bug we expect that the Tuser machined slots crewed aloeg
also hine aosignificant nupact on fexibility, partiicularly once those slots
with clastomer, The degree of improved flexibihty with machining is unknownoar this
ol l‘mk foll presents an advant: age of providing more material in the case of metal loss over
‘imie. Hoewever. this must be balanced with the flexibility of the substrate. We will continue 1o
mvestizale both 23 and S0 Win thicknesses withthe mient of maximizing fexibility and o1l
thickness, Chese investigations will begin by having o single electrode contuct path machined in
sumpe piece of ucu_'h Ihtknm loil. These samples should provide us with an estimation of the
desree of Tnere: mility after machining, Ideally. upon examination of these ~sample picees.
woe will be ina position Lo seleet the foil thickness Lo be used m fwnre studies.

Re-Aliznment

When the paltiemesd toal s returned o as tor Lamination, iowilt have o be removed Trom the
framing devive. Re-aligonment of the laminated 1ol s erucial o the suceesstul placement of the
second pass af Fiser cuts, s it s these cots it sokate cach electroae contact. Teraid 1n
realigmnent o the laminawed fuil, re-alignient narkers will be muchined through the foil in arcas
oatsde The paiter region during the firsd pass of the laser. These re-aligniment “markers will be wt
e diswreion of the Laser [klmnmi of PI Medical, as they will be re >p(mnlhk tor the re-aliznment.,
Folonts w1 be mude to prevent these markers fronn heing covered with the sibicone elastomer
Lsminatian se that they can be visualized prioe o the second pass of lascr machiming,

S:livonye Ruboer

Silicone rubher will be used 1o Tuminate the patterned feil, riling the vonds created dunng
the Frst Taser culs and sehing ool the patterned toil wgether ater e weond patss of lser cuts.
During this seeond pass. the silicone rubber vverlying the Platimun foil will be exposed 1o and
machined baothe Tuser. The laser thut P Medical will be usitg o Quad $-Y ACG fuser, is generally
dumaging 1w most termoulations of stlicone rubber. PTMedical his designed s laser ablatable
tormulation of sileone rubber, Silablate®, that is purported v be resistm? 1o the damaging efecs
e the luser and s being myvestigated for use i the PMP ciecirode.

While Silablute offers the advantage of being ~afely Jaser machined. we are coneerned that
e Fornalations do not possess the qumrLd tensile aleuwlh and elongation properties that are
reguired For use ineutl electrodes. The materiad has a repogted tensile strength of 700 psi and a
maximuey eongation of 2004 0 Dow Cornimg ancd NuSil Stlicone [uhfmloa\, clastomers thatl have
Been wsed in the manufucture of cull electrodes typacally have reported tensile strengths of [CO0-
LS00 par and clongations of SO0 73070 Mechanieal testing ot the Silablate B - material in our 1abs is
ongoing, Results will be compared o the mechamical propernes of the Dow Corning and Nasl
Stheone Technology ciastomers used mcuft munutacture,

Liotnalion amd Second TPass af Laser €uts

The lanunation process will be perfornmed moour lehoratornes and wl weally result m
stheone rubber tiiling cach void and crealing g consislent thickness Liver on both sides of the 1ol
W wall work with the chesen elastomer o develop o method of ereating an even sandwich around
the o1l A consistent thickness of stlicone cubber is needed <o that the laser adeqguately cuts
throvgh the JTaminate, Our Nirstapproach will be 1o lay the Torl directly against o Tayer of pre-
formed Silablate € sheeting. apply uncured Silablte elaslomer agiunst the back of the forl. and
then apply wosccond Layer of pre formesd sheenne. This assembly will be placed betweer plates inu
pross and cured, Microseopie exannnations will be performed o ovaluate the consisteney in
e siness ol the irnmate as well ws the elustomenc {illing of the pattern vonds,

Fammaed sioples woll alse be retuened o PLMedical o0 the second pass of laser
nrachimrg. W wall evaluate the compleleness and cleanhiness ot these second laser cuts and
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discuss with PT Medical whether the laminaton process needs Lo be revised For improved laser
wiiinning. Addinonally. we will evaluate PI Medical's suceess al adequately re-aliemne the
anminated Tonl by checking the aecuricey ik placement of the second pass of laser cuts,

Adtermgtive Approaches

Chor eltiorts o date have been tocused on working with PLMedical. However, we will
heirin 1o e stzute alternutive sources tor the Jaser machining and the possibilities of using
allernative siheone rubber formulations, We will identify additional machinists with Quad Y AG
Jusers that nmay he uble o oiehine the clectrode pattern. We will also work 1o investigate
alernutive Laser fvpes thar may not be damaging to silicone rubber. 1we are successiud in tiis
approgeln we can then sately use those silicone rubber tormulations with presyous demonstrated
rerfornancy inospieil cutd elecoodes.
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B.2.2: Lead Designs

Considerable elfort has hccn invested mostudyimg the lead sire tor our inbrvoescutae
clectzodes. Because of this wire s performanee history, it has o date neen wdopted tor use in our
culf electrodes, The wize consisis of multiple sirands ol stuindess steel tnsulated with
Huorepolyviser conting, Flueropolymers bave been used extensively iomiplant desvices, but
ceneranly de ot bond well with other maaterals. For our intramuscular clectrodes, this does moi
present i signiheant problen. However, m the manutucture of both spiral cutt electrodes and
woniectors, s nan bonding of the msulated wire 15 a drawback.

The spiral cull electrodes and connectors that we wilh investgzate durmy this contract ae
made from silicone rubber anidl i both cases, consist o lengths ol Tead wire within the hody of and
extending bovord the silicone rubber cutticonnector, Any waier or electrolvie seepage at these
iterfaees could promte corrosion o otber todes of tailire tdeimmmation of sheeting b in tie
nnpduantedd electrode assembly. The poor bondubility of the flueropolyiner insuladion presents an
tncseased i<k of seepage at the interlice and is o peint of sigmificant concern regarding the long-
lernt eelwntliny of these components,

In vrder 1o reduee the risks of seepage at e inerface, we are investgting the feasibilite of
applying wthin coating uf silicone rubber over the flucropolyiner insilaled lead wire, The WP aver
ol siltcone rupher is L.\PLL[LIJ o provide better bonding to the Lavers of silicone rubber sheeting and
clastomer m the <piral cuf! and the mphatable connectors imolded rom sthoone rubber, This
sevond nsulaing laver will also provide turther protlection of the conducting wires, W have
observed that minor, local flass i the Huorapolymer coating can o undetected by ohservation bl
cal lead e signi:'imm corrosion of the underlving wire siraitds.

Orginallv, we inended o pursue ieving o thin, 2300 thick costing of silicene rubber
rsuletion applicd over a mnli-stranded wire st 1 staller than our standard size wire. This
woelld be pertormed on contimaons lengths of wire through a co exirusion rechnigue. and sould
result in a product with a cross sectional profile ke thae depicted o the furure beiow.

stlicrne
rihher jacket

tueropalymer
ket

Toalrarnds
A6 kN s slew,

\ processor. PLMedical of Porlland. OQregon, was identihed and consulied for this project.
Two malti-stranded wire configurations wer Ihlll.LH} shipped 10 PI Medical for the silicone rbber
coextrusion, These wires hoth conststed of 7 strands of stanless steel with a flusropoelyer
sacket. The first o these was our standdard size wire: 7 stramds af 350m diameter stainless steel
with w 730m Jucketof fuorepoly mer for i Nnal ouler digmeter of 255105 The second wire
canfiguration is asmaller size wire: 7 strands of 200 diamieter staimnless steel with o 250m jacket
al il lL‘mpwlum_l tor u tinul outer diumeter of T10Rm. These wires were o he couted with the TI
Muedical stheone rubber Silablate® MED-70 w0 the nummal thickness possible, eapected 1o be 25-
Spm. PEMedical was able toocoat bath ot the wire confiparations with the silicone rubber
tacherige, but could only go down tooa thickness of “lf}um T pon rcLupl of this wire. our imtial
cvaluation involved winding the wire v a mandrel in the manner o creating a helical lead cable.
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We noted that the silicone rubber jacket appeared o be flukang ofi" ax the wire was wound on the
nzedrel. Microscopic evatluation of the coiled wire indicated thal dscrete sections of the silicone
rubiber jacked hud indeed broken under the stress of windimg and pulled away fror the underlying
Cooropolvier coaling . Fhe silicone rubber elastomer, Siliblaie” % MED-70, has Emited n,lunudlmn
ard fensile strength, and wits not appropriate for the tensile and compressive loads that are placed
on the conled wire lead cables,

We agin consulted P Medical and because of the hnted pavsical propertics of their
Clastoners, Ehu, dectded o use anotiier silicone rubber produet for the co extrusion. A I]quui
silicone rubber formiilation frong NuSil Silicone Technologies, MED 49300 was chosen for s

At high teur strength, elongation, and wnsie propeeties, Fll[\ feer of a slightlv different wire
umht'un_lmu wis sent 1o P Medical for the co-extrusion. This wire consisted of 7 steands of
Saum dianwcter stuinless steel but with only a 30pan jacket of flusropalyrier, {or a final outer
didmeter of 205um. PL Medical was abie o provess this wire and upplv o Shum coating of silicone
ruhber.

This small sample of wire has recently heen received. ind evaluation has beaun. Beciuse
el e probleins with the Diestcodting atlemipt. our inibal shjechve was o wingd the w e and
determine if the silicone rubber jacket suffered immediate falure, Fenglits of wire were wound on
a mandrel and throogeh visaal ard Low power microscopie evaluation, the silicone rubber was not
ehmerved 1o be Mrwluring during the winding process. However, 11 wus poted that the silicone
rubber ucket, ke the silcone rubber Hhtt[”l*’ we hase pILu.m\.]\ mvestgaied. 15 stiwcky'. The
wire adiered 1 usell and W the mandrel upon w inding, reguiriag siraiticant efform a remiove the
nandrel and leading to a distorted and damaged lead cable, Surfactant couting [Tagunoxi® cleancr)

apprlied 1o the wire aed the mandrel hetped o reduce tis stickiness. but was not entirely effective
Scimning electron mucroscapy evaduation of this wire, including samples thal have been wound.
s hwun In vilro lesting and further analysis of the silicone rubber coated wire will likely begin
N, .Lll[Jle;\ur'h these evaluations will be fimited by the relutively small lenzth of wire available,

In addition to our etforts w orking with PLMedical, we have begun im estigating alternative
souree did approaches tor the sitheone rubber coating of our lead wires. Specialy Silicone
Fabricutors. the company that processes ur new silicone rubber sheeting, was contacted repariding
this project. Speclalty Silicone Fubricators has bad prior expericnee applying luvers of silivone
ruhoar over fluoropulvimer and provided some advice on how w best approach tis mroject, Uirse,
theey recommend that a surtace treatment be applied Lo the fuoropoivimer in order 1o nmprove the
homdability of the Huoropolymer with the silicone rubber. The two nuterials will not chemicaliv
bomd. but o roughened Huorapolymer surface will improve the mechanical bonding between the
tao materials. The roughening of the fluorapelyvmer can be done through a chentical etehant
solurion, hee Tetra Eich. or can be done through o corona teh, w here the material 3 exposed toa
gl trequency vollage. We have ideatiticd o source Tor continuous Jength \,mmmudnn\* of our
ware, ay he cherocsl ctehants are more umenable 1o bateh processing and require dnd generate
tosic substunces. Toapply the silicone rubber. Speciulty Silicone Fabricators states that either o
dip cowting or a co extrusion provess be ecroploved. The dip couting process could lkelv resultin a
thinner overail fachet of silivone rubber, on the order of 2Sum Lowever, dip coating 18 u bateh
prowess amd wold mat he appropriate for continuous lu]g[ha ol wire. LUsing i co-extrusion
techmigue. the minntal applied tnekness of silicone rabber would Tikaly be S0um. but the process
cauld be pertormed on continuous lengths of wire. Quotes {or the corona etehing and for the co
extrusion of the sihicone rubber huve been requested, and o the following weeks we will likely
pursie this alternative course. We can then compare wire saraples froms these two sources and
deternune which, ot either, warrant continued myesigation.
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SECTION IN VIVO EVALUATION OF ELECTRODES
C.1: Llectrode Selectivity

O primary ebiective inour planned 1 vive studies s W demonsirate selectne wehvation
between adjucert tuscicles withim 2 nerve trunk, between the lwo muscles served by a single
fascrele of a oerve wunk. and belbween twe miuscles at many thul are served by o 'ﬂnl']t fuscicle of a
nerve trunk. The focus of our elMorts durng this reporting period has been on anilf\ iny the
ransduchion appaiutus 10 pros ide more “table measurements and to nuprove the soltware used for
datav '

Trensducer Calibration
The JR3 moment sensor was ~ent out to be upgraded and recalibrated.

Fliardware Muodifieations

Esvaluation of nerve culf stiimalatian i based on torgue measuiements maade ot the
Joint that are caleulated from the turees and mwoments recarded by the transducer, These forees wnd
nunnents dre ransderred o e ransduger by ashoe pad attached o the animal's foot and (o the
JR 3 wansducer. To mindimize errors in the trunsier of these forces. the connections between the
shoe pad and the trunsducer and bevween the shoe pad and the animal’s Timb must be completely
rizid, Any ship between the limab, the foot pad. and the trunsducer will lead o inaccurale
measurcinents. Addhtionailv, correct pliwement of the ammal’s limb 1= cructal to the apprepriate
caleucation of ankle torgues. Ankle wrgue s calculated based on measured joree and distanee
between e transducer and the center of rotation of the ankle. Both of these wssues, systen rigidiy
and unkic abigoment were addressed through modifications Lo the systen hardw are.

The previous shoe pad Lad been secured 1o a shalt that was attached 1o the JRS transcucer,
The shoe puel 1= now mounted fiat against the transducer and s secured with Towr machine serews.
The shoe pad serves ws the intertace Tbetween the aninal’s Tower leg and the messurement apparatus
and anv mwtior betweeen the two showld be minnnized. Multiple cabie ties have been used (o
seeure the unimal’™s pasw. These cable ties are now used in combination with o thermoplastic
tangue incorpuridded within the shoe pad that distributes the Torces from the cable ties and acts 1o
further secure the Tool.

Correet plucemen of the animal’s limb in the stereotaxic rame. parieularly the placemen:
o the ankle joint. is essential to obtaining meaningtul results. In previous studies, placement of
the ankle joeint was bused onavisaad ussessment, which proved 1o be both time consunnng amd
saseeptible w errors Inthis visual assessment, the ankle joint was viewed trom miwltple angles 1w
determine whether it was praperly centered under the axis of rotation of the frame {(Fiaure 100,
Tovaid in identify mg 1the center of rotation ind placing the ankle jonlat thal point. madification to
the srame wis inplemented. A hole was drilled through the main jont of the ankle rotaion pomt
ol the stercotae (e, and through this hole g rod s inserteds This rod s used as o guade o
pusition U ank the center of rotation ol the ransduction apparats. Frgure 10b)
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Visual Alignment
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RBorh Bardwire iooditications, e improved toot pad and the ankle jom: aligmmnens pin, are
sreserted in the tollowing tuzure.

Knee Joimt Clumped

/" Alignment Pin

v , JR3 Force
I l Sensar

Cutton™ T
Sclatic o ; )
Nerve . T ' ’

.t

New "Shoe"

ﬁ adapreid Crons Waren Gl

Figure 11:  Schemaic of the sterectaxiv itame used for orgue measurement. Nole changes to
e ~hoe where the pas s fiemly tastened. An ahgnment pinowas also added o the rotational ponu
st 1tore accurite aignment of the ankle joint can be performied.
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Software Maodifications

Cutt elecrrodes can produce a high degree of selechvity when siimulaled using
conventonal pulse parachigms. A further increase wILL[nl[\. nray result with the use of new
e lmigques, which inch whe Fiels Usteenng and pre pulse modification of excitability, We plan to
el these [.,-_hmquc\ in oue animal studies. We have modified our stimnulglor softsane (o he
abiv o use the wanctornss shownom Figure 12

P Py |

= +

Delay = PWI

11“ ] DLLL\ |)L’|'.1‘\'

= PW] ] = PWI| + PW?

Figure 12: Pre pulse wanelors und methods used to generate thetn.

We plan to begin animal expernnents in the next reponting period.
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SECTION E. PREPARATION FOR HUMAN FEASIBILITY TESTING
L pper Extremity

In mectings with our wpper extreinily eollaborators, we are exploring cutt electrodes as a
et ot thels hand grasp syster, with the idea that cutl elecirodes would directly replace seme or all
ol their moscle-based electrodes. Our approach s intended (o be three-tered: the st step would
wrvolve per-operative tials of cuftelecirode s in patienls not necessarily Timited 10 those candidates
for o bund grasp newroprosthesis: the secorid step would invelve short-term chronic (<3 monthsg
percutancous inplanes in patients scheduled fora band grasp oeuroprosthesis: and the thizd phise
wollld (nvalve Tong ternt implantation of cutt ¢ lectrodes as purt of s hand grasp systene This
approach mew appears tohe limited by prohlens we hicl not previously conswiered, Our
collaborators have wdvised us thal the short e studies wourkd be Eorly Tomited both in duration
and i numbess ol patients irveived because of The risks ol using g perentancous svsicnt, They
o e stresacd that wy be ciimwadly Teasible and to be attractive w patents,any long-werm applicalion
st be fully mapluntabie, w hich neans that 4 suitabic implantable stimulator should be available.

A roajor wiresolved impediient o the developroeat ol a fully imiplantable cult-based
sy~lem s the identitication or developioent ol an appropriate stinelator, The stimulator currenthy
useil o the hand grasp neureprosthesis s mappropriate for use with a cult clectrode, Specilic
ssucs of meompatibility include: stimulos range and resolution; pulse control mede: anode and
cuthienle conrrol: stimulas pulse shuape: and 1ru]uuh,}. Their present stimulator produces currents
mthe ranse of 4-20 mAL with aresolution of several mA, Cull elecirodes would require a current
minge Tromn 6O 1005 mAL with a resolution of 25 uA. Their stimulater relivs on pulse width
modditation. whercus cuft electrodes are Jdmll\ controlicd by pulse wmplitude modulation, A
cotnmon. distunt anode 1 sed intheir svaem. 1t swering 1s to be used with cutf clectrodes.
switelianle wnodde und catile channels are necded. New stimulus paradigms. ineloding hlocking
and pre-pelse technigues, require unigque stmudus wisetorms that the collaborators stmulator

camul praduee. Experience suggests that the development of a sumuaator to be used tor melti-
contaet vt :l|]['.l]]LLllhl]'I:\ will reguire asignificant etfort in desien and tabrication. particularly it i
i ey ey three vears henee,

In the current cost comscious medical CORENUDITY. per-openilive westing has becomne much
more il fewlt. Patients undergeing carpad tunnel releuse surgery. a targe }mLL,ntml population.
would Tikely be placed at too high arisk of surgical raumes G their nerves W justdy per-operative
plucement of weut? clectrode. Further. in these paticnts. the operation would be extended from 10
LTSS 10 ever an kour, as the necessary exposare sike For cult implamt would invalve additional
surgical time, Aoy additional coses resulting from this inereased surgical tme would be aeerued 10
the hospitul cnddor 1'csc;urhcl' Patients with nevronnas or anputations would be at low risk of
straical tenomu, bowever. evaluation of e motor function derived through the cudf eleclrode
would he severely Limited. \\ wil: contaue W explore opporunities o evaluate the cuft electrode
sARLETT I L Per-0peralive CIvIFonIment.

Oue colluborators have provided sugacstions for applications cutside ol the upper extremity
lind wrasp application where the risks and costs ol a per-operative wnal gre better batanced. The
First ot these would be in patients undergeing ulnar nerve exploration af the elbow. “This operation
i taicly common. although the nerve s usually somewhat diseased an the exposure site. The extent
of discise in unlikely o he so severe that visudl assessttenl of motor function derved through the
cult elecde could aot be pertormed.  However, any quamitalive assessnenl 1 these malienls
ney be made ditticelt becaase of e high numbers of sensoty fibers in the clnor nerve an the
caposed sie. Acsecond possilile per operative application wauld be nerve mapping, both in the
cpper arm and inodwe brachial plexus region, However, epportunities tor these surgical
explorations are mre limited.

severdl new applicunons were explorel. Fiestis the use of cuifs on the spinal nerves or
vertral rools al O3 O8N0 This spe of systern would provicke stirmoulation too2 large number of
s es i ke upper exirenmee. concetvably through a single incison sie, and Could be applicahle
Ler s nes pitient population, The second suggestion is w use cufts for blocking unwaned moter

21




TRE &1 N -NK-A-2540

activiy in strake. spinal cord mjury and cerebral palsy patient populations. These cutts woukd he
veed o block spasticily and potentially, ty generate more nertaal moter functions.

In future meelings with our collaborators, we will further consider these chnical
apedications. and any others and better define what our approiwh o chimcal implementation ~houki
b Whatever e .:pphi_;l[l(}[l the collubiratois Tave conlimung concerns about the satety of nenve
cult electrodes, We wall cantinue 1 address thase concemes, pu.\un our histological observations
tov our colluborators, gnd diseuss what studies may be perlformed within the scope of this contract
10+ demonstrate vut] sufely.

Lower Extremity

Arimmediae clinical '.appliuulia'm for cutt clectrodes in the lower extrennity is to the nerve
sersing the gluteus masimus muscle. I therr current implant system, our colls horators place an
epienysial electrode on the gluteus maxinus muscle Their current exposure sie s deep. and
resches within elose proximily ol the ghuteal nerve. meaning licle additional sergical exposure
worthd be reguired for cull miphani. 1 tiese colluborators have done several vadaver dissections,
andd hanve noted thal al the exposure site. approsimately 13 mm ol nerve length s avadlable, more
than sulfictent room tor weult implant. The cuft m this application would U"l]\ need to e
nwopelar, i non-selective recruitiment of the slatesl nerve 1y destred,. From their previous
unpurience, the colluboriators have noled a significant amounne of tat surrounding the gluteal nerve al
(e eapesire wite and are coneerned about whether this fat most be removed prior w cutt clectrode
implant. Removal of the tw will require whditional surgieal time and of course. handling of the
perve selt. We are unsure of the signilicance or tnpact of fat surrounding the nerve, as it has not
hoen o tactor moour buboratory studies on cats,

A second candidate site for teasibility studies of cutf elechrodes would be i cuadriceps
avtivation. One or 2 cutt electrodes would be placed oo the Termoral nerve 6-8 em distal to s magor
hranching point, and atter the branch o rectus femorns bas exited.. The cuffs,again, woukd only
newd 1o b monopalar,

IMscussion of per-nperative 1als 11 the lower extrennty was Tmiwed as the orthopedic
sUrgeor wis nal in attendance. However, we have been in contact with the orthopedic surgeon
and bis participation i our clinical collaboration is expected. In fuiure meetings. we will diseus
willl the surgeon what oppartunitics exist tor per-operative wals of cuft electrodes during rowine
suryial r..mplmcumns of the nerves i the lower limb,

[ the nest months. our colluboraters anticipate performing addinonal cadaver dissections.
Dot these dissecuons, they expect W practice their exposure and implant techmgue e explore
L newroamitonny al the exposure site(s). and to make measurements of nerve diameters il
cvailuble lengths. Members of our laboratory will participate im these dissechions and will provide
o the collabarators samiple cutts e be used Tor mock implantation,

[
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